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(57) ABSTRACT

An electrostatic discharge protection device may include a
first conductivity type well, a second conductivity well; a first
doping region and a second doping region which are formed
in the first conductivity type well and have different conduc-
tivity types from each other; a third doping region and a fourth
doping region which are formed in the second conductivity
type well and have different conductivity types from each
other; and a fifth doping region formed in the second conduc-
tivity type well between the first and second doping regions
and the third and fourth doping regions.

15 Claims, 33 Drawing Sheets

100a

NO2




U.S. Patent Mar. 29, 2016 Sheet 1 of 33 US 9,299,693 B2

Fig. 1

D1 D2 DD1 G DD2 NW D5 D3 D4 PW

R T U A S
T Y S




U.S. Patent Mar. 29, 2016 Sheet 2 of 33 US 9,299,693 B2

Fig. 2

100a




U.S. Patent Mar. 29, 2016 Sheet 3 of 33 US 9,299,693 B2

Fig. 3

D4 PW

P Type
" Emitter
N Type
Base

Ry S 7
Ver tical
| PNP BJT

P Type
Col lector



U.S. Patent Mar. 29, 2016 Sheet 4 of 33 US 9,299,693 B2

P Type
Col lector

Fig. 4

100a
NO2

D4 PW

N Type
Emitter

P Type
Base

| N Type
Col lector




U.S. Patent Mar. 29, 2016 Sheet 5 of 33 US 9,299,693 B2

Fig. 5

D1 D2bDD1 G DD2 NW D5

Vv ) )
g / o :.:(:{ e (/ Sl

NO2




U.S. Patent Mar. 29, 2016 Sheet 6 of 33




U.S. Patent Mar. 29, 2016 Sheet 7 of 33 US 9,299,693 B2

Fig. 7

D1 D2dDD1 G D2 NW D5 D3 D4 PW

LY T I D H W WO W
lé?%f£ﬁii(¥iﬁ;ﬂ5¥1 ]

.

NO1 NO2




U.S. Patent Mar. 29, 2016 Sheet 8 of 33 US 9,299,693 B2

Fig. 8

D1 D2eDD1 G DD2 NW D5 D3 D4 PW

L Y W TR W IO W S T
/ i '_:(i:'fi : / Lt / o /




U.S. Patent Mar. 29, 2016 Sheet 9 of 33 US 9,299,693 B2

Fig. 9

100e

G

EZZZ%%% DD2  NW D5 D3
PR

PW




U.S. Patent Mar. 29, 2016 Sheet 10 of 33 US 9,299,693 B2

Fig. 10

G DD2 NW D5 D3 D4 PW




U.S. Patent

Mar. 29, 2016

Fig. 11

G

D2

Z5 ¥ )

Sheet 11 of 33

D5 D3

US 9,299,693 B2

100f

NO2

D4 PW




U.S. Patent Mar. 29, 2016 Sheet 12 of 33 US 9,299,693 B2

Fig. 12

D1 D2 DD1 G DD2 NW D5 D3 D4 PW
I T S R W S




U.S. Patent Mar. 29, 2016 Sheet 13 of 33 US 9,299,693 B2

Fig. 13

NO1 NO2

D2 NW D5D3 D4 PW




U.S. Patent Mar. 29, 2016 Sheet 14 of 33 US 9,299,693 B2




U.S. Patent Mar. 29, 2016 Sheet 15 of 33 US 9,299,693 B2

Fig. 15
100h
gﬂ glj()Z
G
D1\ m —2]2 /NW D5 D3\ .?4/PW

DD1 D2




U.S. Patent Mar. 29, 2016 Sheet 16 of 33

Fig. 16

D1 D2 DD1 G DD2 NW D5

US 9,299,693 B2

D3
L R W N W B W
T ( = / / B

XVII'

NO2



U.S. Patent Mar. 29, 2016 Sheet 17 of 33 US 9,299,693 B2

Fig. 17

NOT NO2

D5 D4 PW




U.S. Patent Mar. 29, 2016 Sheet 18 of 33 US 9,299,693 B2

Fig. 18

100]

D1 D2 DD1 G DD2 NW D5 DD3 D3 D4  PW

I T S
( / / / / T




U.S. Patent Mar. 29, 2016 Sheet 19 of 33 US 9,299,693 B2

Fig. 19

G

m DD2 NW DD3 D5 D3




Sheet 20 of 33 US 9,299,693 B2

U.S. Patent Mar. 29, 2016
Fig. 20
100k
DI PWD2 G IL D5 D3 D4
|/
NO1




U.S. Patent Mar. 29, 2016 Sheet 21 of 33 US 9,299,693 B2

Fig. 21

NO1 NO2

G

| ey

PW——

——NBL




U.S. Patent

Mar. 29, 2016 Sheet 22 of 33

US 9,299,693 B2

Fig. 22

| —
I\L\D1 m} D5 IL

D4 IL

PWI—~

——EPI

\

——NBL




U.S. Patent Mar. 29, 2016 Sheet 23 of 33 US 9,299,693 B2

100m

NO1 NO2




U.S. Patent Mar. 29, 2016 Sheet 24 of 33 US 9,299,693 B2

Fig. 24

NO1 NO2

——EP

-[——NBL




U.S. Patent Mar. 29, 2016 Sheet 25 of 33 US 9,299,693 B2

Fig. 25

100n

——EP|

NW1 PW2

A

——NBL




U.S. Patent Mar. 29, 2016 Sheet 26 of 33 US 9,299,693 B2

Fig. 26

1000

NO1 NO2

IL D4 [L

~—NW2

——EPI
NW1 DD3 PW2

“T—NBL




U.S. Patent Mar. 29, 2016 Sheet 27 of 33 US 9,299,693 B2

Fig. 27

100p

NO1 NO2

D4 1L

——EPI

NW1 PW2 DD4

Y

——NBL




U.S. Patent

Mar. 29, 2016 Sheet 28 of 33 US 9,299,693 B2

Fig. 28

PW——

G

m IL D5 IL D3 D4 IL

——EPI

NW1 DD& PW2

-T———NBL




U.S. Patent Mar. 29, 2016 Sheet 29 of 33 US 9,299,693 B2

Fig. 29

100r

G

IL\D1 @ [IL D5 IL D3 D4 1L

PW-——

NW1 DD3 DD5 PW2 DD4




U.S. Patent Mar. 29, 2016 Sheet 30 of 33 US 9,299,693 B2

Fig. 30
200
r- T a_____I
| G |
| R ICI |
| Wy ] |
i i
| 100 |
I | PD2
: NO1 / NO2 :
| |
| |
| |
| |
| |
| |
R _
PD1
/




U.S. Patent

Mar. 29, 2016 Sheet 31 of 33 US 9,299,693 B2

Display Panel

——1200

DDI
200

——1100




U.S. Patent Mar. 29, 2016 Sheet 32 of 33 US 9,299,693 B2

Fig. 32
2000
2200

e ————————= » Display

|

|

|

| 2600 2300 2100 2400
|

|
Power 1 ——-» Storage |« Processor | Modem
200
| ! A A
| A b 2500 |
| |
[ |
| | |
[ |
: . »  Memory :
| |
| |




U.S. Patent Mar. 29, 2016 Sheet 33 of 33 US 9,299,693 B2

Fig. 33
3000
3200 3100
Driving IC Eé:i}ééc

3110
200 ={IGBT




US 9,299,693 B2

1
ELECTROSTATIC DISCHARGE
PROTECTION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. non-provisional patent application claims prior-
ity under 35 U.S.C. §119 of Korean Patent Application No.
10-2012-0139780, filed on Dec. 4, 2012, the entire contents
of which are hereby incorporated by reference.

BACKGROUND

Inventive concepts relate to semiconductor devices, and
more particularly, to electrostatic discharge protection
devices and methods.

As a semiconductor manufacturing technology develops,
integration of a semiconductor circuit is proceeding. Integra-
tion of a semiconductor circuit can reduce a manufacturing
cost of'a semiconductor circuit and can make mass production
possible and thereby it is continuously being studied.

As integration of a semiconductor circuit proceeds, the size
of constituent elements is reduced. Reduction of a size of
constituent elements may increase the circuit’s susceptibility
to electrostatic discharge.

To protect a semiconductor circuit from an electrostatic
discharge, an electrostatic discharge protection device may
be employed in a semiconductor circuit. An electrostatic dis-
charge protection device having higher reliability and better
electrostatic discharge protection characteristics would be
advantageous.

SUMMARY

Exemplary embodiments in accordance with principles of
inventive concepts include an electrostatic discharge protec-
tion device including a doping region that disturbs charge
flow due to an electrostatic discharge, thereby providing a
high holding voltage.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device comprising: a first conductivity type well; a
second conductivity type well in contact with the first con-
ductivity type well; first and second doping regions formed in
the first conductivity type well, connected to a first electrode
in common and having different conductivity types from each
other; third and fourth doping regions formed in the second
conductivity type well, connected to a second electrode in
common and having different conductivity types from each
other; and a fifth doping region formed in the second conduc-
tivity type well between the first and second doping regions
and the third and fourth doping regions

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device wherein the first conductivity type well is a
P conductivity type well.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device wherein the second conductivity type well
is an N conductivity type well.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device wherein the second doping region is
between the first doping region and the fifth doping region,
and wherein the first doping region is a P conductivity type
and the second doping region is an N conductivity type.

10

15

20

25

30

35

40

45

50

55

60

65

2

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device wherein the second doping region includes
a plurality of doping regions spaced apart from one another
and the plurality of doping regions spaced apart from one
another are connected to the first electrode in common.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device wherein the third doping region is between
the fourth doping region and the fifth doping region, and
wherein the third doping region is a P conductivity type and
the fourth doping region is an N conductivity type.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device wherein the third doping region includes a
plurality of doping regions spaced apart from one another and
the plurality of doping regions spaced apart from one another
are connected to the second electrode in common.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device wherein the fifth doping region is an N
conductivity type.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device wherein the second conductivity type well
is formed in the first conductivity type well.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device wherein the fifth doping region is spaced
apart from the third and fourth doping regions.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device further comprising a device isolation layer
formed at an interface between the first conductivity type well
and the second conductivity type well.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device further comprising a device isolation layer
between the fifth doping region and the third doping region
and between the fifth doping region and the fourth doping
regions.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device further comprising a gate electrode electri-
cally isolated from the first conductivity type well on the first
conductivity type well adjacent to an interface between the
first and second conductivity type wells.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device comprising: a semiconductor device
including a first electrode, a second electrode and a gate
electrode; a capacitor connected between the second elec-
trode and the gate electrode; and a resistor connected between
the gate electrode and the first electrode, wherein the semi-
conductor device comprises: a first conductivity type well; a
second conductivity type well in contact with the first con-
ductivity type well; first and second doping regions formed in
the first conductivity type well, connected in common to form
the first electrode and having different conductivity types
from each other; third and fourth doping regions formed in the
second conductivity type well, connected in common to form
the second electrode and having different conductivity types
from each other; a fifth doping region in the second conduc-
tivity type well between the first and second doping regions
and the third and fourth doping regions; and a conductive
material electrically isolated from the first conductivity type
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well on the first conductivity type well adjacent to an interface
between the first and second conductivity type wells to form
the gate electrode.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
protection device wherein the second electrode is connected
to a pad for protecting an electrostatic discharge and the first
electrode is connected to a pad for leaking the electrostatic
discharge.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electrostatic discharge
circuit, comprising: a lateral bipolar junction transistor; a
vertical bipolar junction transistor; and a doping region to
disrupt current flow and to thereby increase the holding volt-
age of the electrostatic discharge circuit.

Exemplary embodiments in accordance with principles of
inventive concepts may include a semiconductor device
including: a semiconductor device including a first electrode,
a second electrode and a gate electrode; a capacitor connected
between the second electrode and the gate electrode; and a
resistor connected between the gate electrode and the first
electrode, an electrostatic discharge circuit of connected
between the first and second electrodes.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electronic system includ-
ing: a display driver; a display panel; and semiconductor
device connected to suppress electrostatic discharge in the
display driver.

Exemplary embodiments in accordance with principles of
inventive concepts may include an electronic system includ-
ing: a processor; a display; storage; memory; and an elec-
tronic system including a semiconductor device including a
first electrode, a second electrode and a gate electrode; a
capacitor connected between the second electrode and the
gate electrode; and a resistor connected between the gate
electrode and the first electrode, an electrostatic discharge
circuit of connected between the first and second electrodes.

Exemplary embodiments in accordance with principles of
inventive concepts may include a cellular telephone including
a processor; a display; storage; memory; and an electronic
system including a semiconductor device including a first
electrode, a second electrode and a gate electrode; a capacitor
connected between the second electrode and the gate elec-
trode; and a resistor connected between the gate electrode and
the first electrode, an electrostatic discharge circuit of con-
nected between the first and second electrodes.

BRIEF DESCRIPTION OF THE FIGURES

Preferred embodiments of the inventive concept will be
described below in more detail with reference to the accom-
panying drawings. The embodiments of the inventive concept
may, however, be embodied in different forms and should not
be constructed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey the
scope of the inventive concept to those skilled in the art. Like
numbers refer to like elements throughout.

FIG. 1 is a top plan view illustrating an electrostatic dis-
charge protection circuit in accordance with principles of
inventive concepts.

FIG. 2 is a cross sectional view taken along the line [1-II' of
FIG. 1.

FIGS. 3 and 4 are drawings for explaining an operation
method of the electrostatic discharge protection circuit in
accordance with principles of inventive concepts.
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FIG. 5 is a top plan view illustrating an electrostatic dis-
charge protection circuit in accordance with principles of
inventive concepts.

FIG. 6 is a top plan view illustrating an electrostatic dis-
charge protection circuit in accordance with principles of
inventive concepts.

FIG. 7 is a top plan view illustrating an electrostatic dis-
charge protection circuit in accordance with principles of
inventive concepts.

FIG. 8 is a top plan view illustrating an electrostatic dis-
charge protection circuit in accordance with principles of
inventive concepts.

FIG. 9 is a cross sectional view taken along the line IX-IX'
of FIG. 8.

FIG. 10 is a top plan view illustrating an electrostatic
discharge protection circuit in accordance with principles of
inventive concepts.

FIG. 11 is across sectional view taken along the line XI-XT'
of FIG. 9.

FIG. 12 is a top plan view illustrating an electrostatic
discharge protection circuit in accordance with principles of
inventive concepts.

FIG. 13 is a cross sectional view taken along the line
XII-XIIT of FIG. 12.

FIG. 14 is a top plan view illustrating an electrostatic
discharge protection circuit in accordance with principles of
inventive concepts.

FIG. 15 is a cross sectional view taken along the line
XV-XV' of FIG. 14.

FIG. 16 is a top plan view illustrating an electrostatic
discharge protection circuit in accordance with principles of
inventive concepts.

FIG. 17 is a cross sectional view taken along the line
XVII-XVIT' of FIG. 15.

FIG. 18 is a top plan view illustrating an electrostatic
discharge protection circuit in accordance with principles of
inventive concepts.

FIG. 19 is a cross sectional view taken along the line
XIX-XIX' of FIG. 18.

FIG. 20 is a top plan view illustrating an electrostatic
discharge protection circuit in accordance with principles of
inventive concepts.

FIG. 21 is a cross sectional view taken along the line
XXI-XXT of FIG. 20.

FIG. 22 is another example (eleventh embodiment) of a
cross sectional view taken along the line XXI-XXTI' of FIG.
20.

FIG. 23 is a top plan view illustrating an electrostatic
discharge protection circuit in accordance with principles of
inventive concepts.

FIG. 24 is a cross sectional view taken along the line
XXIV-XXIV' of FIG. 23.

FIG. 25 is another example (thirteenth embodiment) of a
cross sectional view taken along the line XXIV-XXIV' of
FIG. 23.

FIG. 26 is a cross sectional view illustrating an electrostatic
discharge protection circuit in accordance with principles of
inventive concepts.

FIG. 27 is a cross sectional view illustrating an electrostatic
discharge protection circuit in accordance with principles of
inventive concepts.

FIG. 28 is a cross sectional view illustrating an electrostatic
discharge protection circuit in accordance with principles of
inventive concepts.

FIG. 29 is a cross sectional view illustrating an electrostatic
discharge protection circuit in accordance with principles of
inventive concepts.



US 9,299,693 B2

5

FIG. 30 is a drawing illustrating an electrostatic discharge
protection device in accordance with another embodiment to
which the electrostatic discharge protection device in accor-
dance with principles of inventive concepts is applied.

FIG. 31 is a block diagram illustrating a display device in
accordance with principles of inventive concepts.

FIG. 32 is a block diagram illustrating a computing device
in accordance with principles of inventive concepts.

FIG. 33 is a block diagram illustrating an electrical system
in accordance with principles of inventive concepts.

DETAILED DESCRIPTION

Various exemplary embodiments will be described more
fully hereinafter with reference to the accompanying draw-
ings, in which exemplary embodiments are shown. Exem-
plary embodiments may, however, be embodied in many dif-
ferent forms and should not be construed as limited to
exemplary embodiments set forth herein. Rather, these exem-
plary embodiments are provided so that this disclosure will be
thorough, and will convey the scope of exemplary embodi-
ments to those skilled in the art. In the drawings, the sizes and
relative sizes of layers and regions may be exaggerated for
clarity.

It will be understood that when an element or layer is
referred to as being “on,” “connected to” or “coupled to”
another element or layer, it can be directly on, connected or
coupled to the other element or layer or intervening elements
or layers may be present. In contrast, when an element is
referred to as being “directly on,” “directly connected to” or
“directly coupled to” another element or layer, there are no
intervening elements or layers present. Like numerals refer to
like elements throughout. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items. The term “or” is used in an inclusive
sense unless otherwise indicated.

It will be understood that, although the terms first, second,
third, for example. may be used herein to describe various
elements, components, regions, layers and/or sections, these
elements, components, regions, layers and/or sections should
not be limited by these terms. These terms are only used to
distinguish one element, component, region, layer or section
from another region, layer or section. Thus, a first element,
component, region, layer or section discussed below could be
termed a second element, component, region, layer or section
without departing from the teachings of exemplary embodi-
ments.

Spatially relative terms, such as “beneath,” “below,”
“lower,” “above,” “upper” and the like, may be used herein for
ease of description to describe one element or feature’s rela-
tionship to another element(s) or feature(s) as illustrated in
the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the exemplary
term “below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

The terminology used herein is for the purpose of describ-
ing particular exemplary embodiments only and is not
intended to be limiting of exemplary embodiments. As used
herein, the singular forms “a,” “an” and “the” are intended to
include the plural forms as well, unless the context clearly
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indicates otherwise. It will be further understood that the
terms “comprises” and/or “comprising,” when used in this
specification, specify the presence of stated features, integers,
steps, operations, elements, and/or components, but do not
preclude the presence or addition of one or more other fea-
tures, integers, steps, operations, elements, components, and/
or groups thereof.

Exemplary embodiments are described herein with refer-
ence to cross-sectional illustrations that are schematic illus-
trations of idealized exemplary embodiments (and interme-
diate structures). As such, variations from the shapes of the
illustrations as a result, for example, of manufacturing tech-
niques and/or tolerances, are to be expected. Thus, exemplary
embodiments should not be construed as limited to the par-
ticular shapes of regions illustrated herein but are to include
deviations in shapes that result, for example, from manufac-
turing. For example, an implanted region illustrated as a rect-
angle will, typically, have rounded or curved features and/or
a gradient of implant concentration at its edges rather than a
binary change from implanted to non-implanted region. Like-
wise, a buried region formed by implantation may result in
some implantation in the region between the buried region
and the surface through which the implantation takes place.
Thus, the regions illustrated in the figures are schematic in
nature and their shapes are not intended to illustrate the actual
shape of a region of a device and are not intended to limit the
scope of exemplary embodiments.

Unless otherwise defined, all terms (including technical
and scientific terms) used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which exemplary embodiments belong. It will be further
understood that terms, such as those defined in commonly
used dictionaries, should be interpreted as having a meaning
that is consistent with their meaning in the context of the
relevant art and will not be interpreted in an idealized or
overly formal sense unless expressly so defined herein.

Hereinafter, exemplary embodiments in accordance with
principles of inventive concepts will be explained in detail
with reference to the accompanying drawings. FIG. 1 is a top
plan view illustrating an exemplary embodiment of an elec-
trostatic discharge protection circuit 1004 in accordance with
principles of inventive concepts. FIG. 2 is a cross sectional
view taken along the line II-II' of FIG. 1. Referring to FIGS.
1 and 2, a first conductivity type well PW and a second
conductivity type well NW are provided.

The first conductivity type well PW may be a P conductiv-
ity type well and may be a P conductivity type substrate, a P
conductivity type well or a P conductivity type pocket.

The second conductivity type well NW may be an N con-
ductivity type well and may be in contact with the first con-
ductivity type well PW. The second conductivity type well
NW may be a well formed in the first conductivity type well
PW.

In exemplary embodiments in accordance with principles
of inventive concepts, a first doping region D1 and a second
doping region D2 may be formed in the first conductivity type
well PW. The first doping region D1 may have a P conduc-
tivity type. The doping concentration of the first doping
region D1 may be higher than the doping concentration of the
first conductivity type well PW, for example. The second
doping region D2 may have an N conductivity type. The
doping concentration of the second doping region D2 may be
higher than the doping concentration of the second conduc-
tivity type well NW. A deep doping region DD1 may be
provided under the second doping region D2. The deep dop-
ing region DD1 may have the same N conductivity type as the
second doping region D2. The doping concentration of the
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deep doping region DD1 may be higher than the doping
concentration of the second conductivity type well NW and
may be lower than the doping concentration of the second
doping region D2.

In exemplary embodiments in accordance with principles
of inventive concepts, a third doping region D3 and a fourth
doping region D4 are formed in the second conductivity type
well NW. The third doping region D3 may have a P conduc-
tivity type. The doping concentration of the third doping
region D3 may be higher than the doping concentration of the
first conductivity type well PW. The fourth doping region D3
may have an N type conductivity type. The doping concen-
tration of the fourth doping region D4 may be higher than the
doping concentration of the second conductivity type well
NW.

In exemplary embodiments in accordance with principles
of inventive concepts, a fifth doping region D5 is provided in
the second conductivity type well NW between the first and
second doping regions D1 and D2 and the third and fourth
doping regions D3 and D4. The fifth doping region D5 may
have an N conductivity type. The doping concentration of the
fifth doping region D5 may be higher than the doping con-
centration of the second conductivity type well NW.

The second doping region D2 may be disposed between the
first doping region D1 and the fifth doping region D5. The first
and second doping regions D1 and D2 may be in contact with
each other. The third doping region D3 may be disposed
between the fourth doping region D4 and the fifth doping
region D5. The third and fourth doping regions D3 and D4
may be in contact with each other. The fifth doping region D5
may be spaced apart from the third and fourth doping regions
D3 and D4.

A gate electrode G may be provided on the first conductiv-
ity type well PW adjacent to an interface between the first
conductivity type well PW and the second conductivity type
well NW. The gate electrode G may be electrically separated
from the first conductivity type well PW.

In exemplary embodiments in accordance with principles
of inventive concepts, a deep doping region DD2 may be
provided between the gate electrode G and the second con-
ductivity type well NW. The doping concentration of the deep
doping region DD2 may be higher than the doping concen-
tration of the second conductivity type well NW and may be
lower than doping concentrations of the second, fourth and
fifth doping regions D2, D4 and D5, for example.

The second, fourth and fifth doping regions D2, D4 and D5
may have an N conductivity type of high doping concentra-
tion. The deep doping regions DD1 and DD2 may have an N
conductivity type of medium doping concentration. The sec-
ond conductivity type well NW may have an N conductivity
type of low doping concentration. The first and third doping
regions D1 and D3 may have a P conductivity type of high
doping concentration. The first conductivity type well PW
may have a P conductivity type of low doping concentration.
The first and second doping regions D1 and D2 may be
connected in common to form a first electrode N01. The first
and second doping regions D1 and D2 may be connected in
common through a contact (conductive path) to form a first
electrode NO1. The third and fourth doping regions D3 and
D4 may be connected in common to form a second electrode
NO02. The third and fourth doping regions D3 and D4 may be
connected in common through a contact (conductive path) to
form a second electrode N02.

In exemplary embodiments in accordance with principles
of inventive concepts, the first electrode NO1 and the second
electrode N02 may be connected to a circuit for protecting an
electrostatic discharge. The first electrode N01 and the sec-
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ond electrode N02 may be connected between pads of a
semiconductor die, for example. The second electrode N02
may be connected to a pad for protection from electrostatic
discharge, for example, for the signal pad. The first electrode
NO01 may be connected to a pad, such as a ground pad or a
power supply pad, to leak, or “bleed off,” electrostatic dis-
charge. That is the electrostatic discharge protection device
100a can leak an electrostatic discharge occurring in the
second electrode N02 into the first electrode N01 (and from
first electrode N01, back to a supply source).

FIGS. 3 and 4 are drawings for explaining an operational
method of the electrostatic discharge protection circuit in
accordance with an exemplary embodiment in accordance
with principles of inventive concepts, such as that described
in the discussion related to FIGS. 1 and 2. Referring to FIG. 3,
if an electrostatic discharge occurs on the second electrode
N02, a high voltage and a strong current may be applied to the
second electrode N02. The third doping region D3 and the
second conductivity type well NW are forward biased. As a
result, a voltage and a current applied to the second electrode
N02 are transmitted to the second conductivity type well NW
through the third doping region D3.

The second conductivity type well NW and the first con-
ductivity type well PW are in a reverse bias state. [f a voltage
and a current applied to the second conductivity type well
NW exceed the reverse bias breakdown voltage, the voltage
and current applied to the second conductivity type well NW
are transmitted to the first conductivity type well PW. When
the voltage applied to the second conductivity type well NW
is transferred to the first conductivity type well, the third
doping region D3 operates as a P conductivity type emitter,
the second conductivity type well NW operates as an N con-
ductivity type base and the first conductivity type well PW
and the first doping region D1 operate as a P conductivity type
collector. That is, vertical PNP BIT is formed between the
second electrode N02 and the first electrode N01 and thereby
an electrostatic discharge occurring in the second electrode
N02 leaks into the first electrode NO1.

Referring to FIG. 4, if a voltage and a current being applied
to the second conductivity type well NW exceed the reverse
bias breakdown voltage between the second conductivity
type well NW and the first conductivity type well PW, the
voltage and the current applied to the second conductivity
type well NW are transmitted to the first conductivity type
well PW.

The first conductivity type well PW, the second doping
region D2 and the deep doping region DD1 are forward
biased. As a result, the voltage and current applied to the first
conductivity type well PW is transmitted to the second doping
region D2. With the voltage transmitted to the second doping
region D2, the fourth doping region D4 and the second con-
ductivity type well NW operate as an N conductivity type
collector, the first conductivity type well PW operates as a P
conductivity type base and the second doping region D2 and
the deep doping region DD1 operate as an N conductivity
type emitter. A lateral NPN BJT is formed between the second
electrode N02 and the first electrode NO1 and, thereby, an
electrostatic discharge occurring in the second electrode N02
leaks into the first electrode NO1.

In accordance with principles of inventive concepts, the
fifth doping region D5 affects the lateral NPN BJT. When the
lateral NPN BJT operates, charges which flowed in the fourth
doping region D4 from the second electrode N02 are trans-
mitted to the first conductivity type well PW through the
second conductivity type well NW. The fifth doping region
D5 is located at a path through which charges are transmitted.
Thus, a part of the charge which flowed in the second con-
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ductivity type well NW is not transmitted to the first conduc-
tivity type well PW but, instead, flows in the fifth doping
region D5.

When an electrostatic discharge leaks from the second
electrode N02 to the first electrode NO1, the fifth doping
region D5 serves to disturb the flow of charge. In this manner,
when an electrostatic discharge leaks, the voltage of the sec-
ond electrode N02 increases. That is, the holding voltage of
the second electrode N02 increases. The holding voltage may
be a voltage generated from an electrode of an electrostatic
discharge protection device when an electrostatic discharge
leaks.

A conventional electrostatic discharge protection device
has a very low holding voltage, one that is much lower than a
conventional operational voltage of an electronic or semicon-
ductor device. In a conventional semiconductor device, when
an electrostatic discharge protection device leaks (that is,
“bleeds off,” or re-routes) an electrostatic discharge, a hold-
ing voltage much lower than a conventional operational volt-
age is transmitted to the protected semiconductor device and,
as aresult, the semiconductor device cannot perform a normal
operation, because the protected node is pulled down to the
much lower holding voltage.

In exemplary embodiments in accordance with principles
of inventive concepts, the fifth doping region D5 disturbs a
flow of current, thereby providing a holding voltage having a
similar value to the operational voltage. In this manner, in
accordance with principles of inventive concepts, even when
an electrostatic discharge protection operation is performed, a
protected semiconductor device can operate normally.

FIG. 5 is a top plan view illustrating a second exemplary
embodiment of an electrostatic discharge protection circuit
10054 in accordance with principles of inventive concepts. A
cross sectional view of the electrostatic discharge protection
circuit 1005 of FIG. 5 may be the same as FIG. 2. Thus, for
clarity and brevity, the cross sectional view of the electrostatic
discharge protection circuit 1005 will not be repeated here.

Comparing the electrostatic discharge protection circuit
1004 with the electrostatic discharge protection circuit 100a
illustrated in FIGS. 1 and 2, each of a second doping region
D2b and a third doping region D354 of the electrostatic dis-
charge protection circuit 1005 is formed to have an island
form. The second doping region D2b includes a plurality of
doping regions spaced apart from each other. The third dop-
ing region D35 includes a plurality of doping regions spaced
apart from each other.

Comparing the electrostatic discharge protection circuit
1004 with the electrostatic discharge protection circuit 1004,
areas of the second doping region D25 and the third doping
region D35 are reduced. The second doping region D25 acts
as an emitter of a lateral NPN BJT. The third doping region
D35 acts as an emitter of a vertical PNP BJT. If the second
doping region D2b and the third doping region D35 are
formed to have an island form, areas of the lateral NPN GIT
and the vertical PNP BJT are reduced. In this manner, flow of
current through the electrostatic discharge protection device
10056 is disturbed, or impeded, and as a result, the holding
voltage may increase further.

FIG. 6 is a top plan view illustrating a third exemplary
embodiment of an electrostatic discharge protection circuit
100c¢ in accordance with principles of inventive concepts. A
cross sectional view of the electrostatic discharge protection
circuit 100c of FIG. 6 may be the same as that of FIG. 2. For
brevity and clarity of description, the cross sectional view of
the electrostatic discharge protection circuit 100¢ will not be
repeated here.
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Comparing the electrostatic discharge protection circuit
100¢ with the electrostatic discharge protection circuit 100a
illustrated in FIGS. 1 and 2, a third doping region D3¢ of the
electrostatic discharge protection circuit 100¢ is formed to
have an island form. The third doping region D3¢ includes a
plurality of doping regions spaced apart from each other.

FIG. 7 is a top plan view illustrating a fourth exemplary
embodiment of an electrostatic discharge protection circuit
1004 in accordance with principles of inventive concepts. A
cross sectional view of the electrostatic discharge protection
circuit 1004 of FIG. 7 may be the same as FIG. 2. For the sake
of brevity and clarity, the cross sectional view of the electro-
static discharge protection circuit 1004 will not be repeated
here.

Comparing the electrostatic discharge protection circuit
1004 with the electrostatic discharge protection circuit 100a
illustrated in FIGS. 1 and 2, a second doping region D2d of the
electrostatic discharge protection circuit 1004 is formed to
have an island form. The second doping region D2d includes
a plurality of doping regions spaced apart from each other.

In exemplary embodiments in accordance with principles
of inventive concepts, as illustrated in FIGS. 6 and 7, a hold-
ing voltage, such as a can be controlled by forming at least one
of the second doping region D2 and the third doping region
D3 to have an island form. FIG. 8 is a top plan view illustrat-
ing a fifth exemplary embodiment of an electrostatic dis-
charge protection circuit 100e in accordance with principles
of inventive concepts. FIG. 9 is a cross sectional view taken
along the line IX-IX' of FIG. 8. Comparing the electrostatic
discharge protection circuit 100e with the electrostatic dis-
charge protection circuit 100a illustrated in FIGS. 1 and 2, a
second doping region D2e can extend to a region adjacent to
the gate electrode G in the first conductivity type well PW. As
described with reference to FIGS. 5 through 7, at least one of
the second doping regions D25 and D2e and the third doping
regions D34 and D3¢ may be provided in an island form.

FIG. 10 is a top plan view illustrating a sixth exemplary
embodiment of an electrostatic discharge protection circuit
100/ in accordance with principles of inventive concepts.
FIG. 11 is a cross sectional view taken along the line XI-XT' of
FIG. 9. Comparing the electrostatic discharge protection cir-
cuit 100/ with the electrostatic discharge protection circuit
100q illustrated in FIGS. 1 and 2, a deep doping region may
not be included under the second doping region D2. As
described with reference to FIGS. 5 through 7, at least one of
the second doping regions D25 and D2e and the third doping
regions D34 and D3¢ may be provided in an island form.

FIG. 12 is a top plan view illustrating a seventh exemplary
embodiment of an electrostatic discharge protection circuit
100g in accordance with principles of inventive concepts.
FIG. 13 is a cross sectional view taken along the line XIII-
XIIT' of FIG. 12. Comparing the electrostatic discharge pro-
tection circuit 100g with the electrostatic discharge protec-
tion circuit 100¢ illustrated in FIGS. 1 and 2, the first doping
region D1 and the second doping region D2 may be spaced
apart from each other. Additionally, the third doping region
D3 and the fourth doping region D4 may be spaced apart from
each other. As described with reference to FIGS. 5 through 7,
atleast one of the second doping regions D25 and D2e and the
third doping regions D35 and D3¢ may be provided in an
island form. As described with reference to FIGS. 8 and 9, the
second doping region D2 may extend to a part adjacent to the
gate electrode G. As described with reference to FIGS. 10 and
11, the deep doping region DD1 may not be included under
the second doping region D2.

FIG. 14 is a top plan view illustrating an eight exemplary
embodiment of an electrostatic discharge protection circuit
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100/ in accordance with principles of inventive concepts.
FIG. 151is a cross sectional view taken along the line XV-XV'
of FIG. 14. Comparing the electrostatic discharge protection
circuit 100/ with the electrostatic discharge protection circuit
100q illustrated in FIGS. 1 and 2, the third doping region D3
and the fourth doping region D4 may be spaced apart from
each other. As described with reference to FIGS. 5 through 7,
atleast one of the second doping regions D25 and D2e and the
third doping regions D35 and D3¢ may be provided in an
island form. As described with reference to FIGS. 8 and 9, the
second doping region D2 can extend to a part adjacent to the
gate electrode G. As described with reference to FIGS. 10 and
11, the deep doping region DD1 may not be included under
the second doping region D2.

FIG. 16 is a top plan view illustrating a ninth exemplary
embodiment of an electrostatic discharge protection circuit
100; in accordance with principles of inventive concepts.
FIG. 17 is a cross sectional view taken along the line XVII-
XVII' of FIG. 16. Comparing the electrostatic discharge pro-
tection circuit 1007 with the electrostatic discharge protection
circuit 100a illustrated in FIGS. 1 and 2, the first doping
region D1 and the second doping region D2 may be spaced
apart from each other. As described with reference to FIGS. 5
through 7, at least one of the second doping regions D25 and
D2e and the third doping regions D35 and D3¢ may be pro-
vided in an island form. As described with reference to FIGS.
8 and 9, the second doping region D2 can extend to a part
adjacent to the gate electrode G. As described with reference
to FIGS. 10 and 11, the deep doping region DD1 may not be
included under the second doping region D2.

FIG. 18 is a top plan view illustrating a tenth exemplary
embodiment of an electrostatic discharge protection circuit
1005 in accordance with principles of inventive concepts.
FIG. 19 is a cross sectional view taken along the line XIX-
XIX' of FIG. 18. Comparing the electrostatic discharge pro-
tection circuit 1007 with the electrostatic discharge protection
circuit 1004 illustrated in FIGS. 1 and 2, a deep doping region
DD3 may be provided under the fifth doping region D5. As
described with reference to FIGS. 5 through 7, at least one of
the second doping regions D25 and D2e and the third doping
regions D35 and D3¢ may be provided in an island form. As
described with reference to FIGS. 8 and 9, the second doping
region D2 can extend to a part adjacent to the gate electrode
G. As described with reference to FIGS. 10 and 11, the deep
doping region DD1 may not be included under the second
doping region D2. As described with reference to FIGS. 12
through 17, at least one group of a group of the first and
second doping regions D1 and D2 and a group of the third and
fourth doping regions D3 and D4 may be spaced apart from
each other.

FIG. 20 is a top plan view illustrating an eleventh exem-
plary embodiment of an electrostatic discharge protection
circuit 100% in accordance with principles of inventive con-
cepts. FIG. 21 is a cross sectional view taken along the line
XXI-XXT' of FIG. 20. Comparing the electrostatic discharge
protection circuit 100k with the electrostatic discharge pro-
tection circuit 100q illustrated in FIGS. 1 and 2, the first
conductivity type well PW and the second conductivity type
well NW may be provided on an N conductivity type buried
layer NBL. The first conductivity type well PW and the sec-
ond conductivity type well NW may be in contact with each
other.

Device isolation layers IL. may be provided in the first
conductivity type well PW adjacent to the first doping region
D1, at an interface between the first conductivity type well
PW and the second conductivity type well NW disposed
under the gate electrode G, in the second conductivity type
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well NW between the third doping region D3 and the fifth
doping region D5 and in the second conductivity type well
NW adjacent to the fourth doping region D4 respectively. The
device isolation layers Il may be formed on the basis of
shallow trench isolation STI or a local oxidation of silicon
(LOCOS), for example. The existence and location of the N
conductivity type buried layer NBL are not limited to illus-
trated exemplary embodiments. The N conductivity type bur-
ied layer NBL may not be included or a part of the N conduc-
tivity type buried layer NBL may be provided, for example.

As described with reference to FIGS. 5 through 7, at least
one of the second doping regions D25 and D2e and the third
doping regions D35 and D3¢ may be provided in an island
form. As described with reference to FIGS. 12 through 17, at
least one group of a group of the first and second doping
regions D1 and D2 and a group of the third and fourth doping
regions D3 and D4 may be spaced apart from each other. As
described with reference to FIGS. 18 and 19, a deep doping
region may be provided under the fifth doping region D5.

FIG. 22 is another example of a cross sectional view taken
along the line XXI-XXTI' of FIG. 20. Comparing the electro-
static discharge protection circuit 100/ with the electrostatic
discharge protection circuit 100q illustrated in FIGS. 1 and 2,
an epitaxial layer (EPI) is provided on the N conductivity type
buried layer NBL. The epitaxial layer (EPI) may have an N
conductivity type, for example.

The first conductivity type well PW and the second con-
ductivity type well NW are provided on the epitaxial layer
(EPI) and the first and second conductivity type wells PW and
NW may be electrically connected to each other.

The epitaxial layer (EPI) may form a well having an N
conductivity type together with the second conductivity type
well NW. The first conductivity type well PW may be formed
in a well having an N conductivity type.

Device isolation layers IL. may be provided in the first
conductivity type well PW adjacent to the first doping region
D1, at an interface between the epitaxial layer (EPI) and the
second conductivity type well NW disposed under the gate
electrode G, in the second conductivity type well NW
between the third doping region D3 and the fifth doping
region D5 and in the second conductivity type well NW
adjacent to the fourth doping region D4 respectively. The
device isolation layers Il may be formed on the basis of
shallow trench isolation STI or a local oxidation of silicon
(LOCOS), for example.

The existence and location of the N conductivity type bur-
ied layer NBL are not limited to illustrated exemplary
embodiments. The N conductivity type buried layer NBL
may not be included or a part of the N conductivity type
buried layer NBL. may be provided, for example.

As described with reference to FIGS. 5 through 7, at least
one of the second doping regions D25 and D2e and the third
doping regions D35 and D3¢ may be provided in an island
form. As described with reference to FIGS. 12 through 17, at
least one group of a group of the first and second doping
regions D1 and D2 and a group of the third and fourth doping
regions D3 and D4 may be spaced apart from each other. As
described with reference to FIGS. 18 and 19, a deep doping
region may be provided under the fifth doping region D5.

FIG. 23 is a top plan view illustrating a twelfth exemplary
embodiment of an electrostatic discharge protection circuit
100 in accordance with principles of inventive concepts.
FIG. 24 is a cross sectional view taken along the line XXIV-
XXIV' of FIG. 23. Comparing the electrostatic discharge
protection circuit 100m with the electrostatic discharge pro-
tection circuit 100/ described with reference to FIGS. 22 and
23, one first conductivity type well PW and two second con-
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ductivity type wells NW1 and NW2 may be provided on the
epitaxial layer (EPI). The fourth doping region D4 may be
formed in the second conductivity type well NW2. The fifth
doping region D5 may be formed in the second conductivity
type well NW1. The third and fourth doping regions D3 and
D4 may be separated by a device isolation layer IL..

The epitaxial layer (EPI) may form one well having an N
conductivity type together with the second conductivity type
wells NW1 and NW2. The first conductivity type well PW
may be formed in one well having an N conductivity type. The
existence and location of the N conductivity type buried layer
NBL are not limited to illustrated exemplary embodiments.
The N conductivity type buried layer NBL. may not be pro-
vided or a part of the N conductivity type buried layer NBL
may be provided. As described with reference to FIGS. 5
through 7, at least one of the second doping regions D25 and
D2e and the third doping regions D35 and D3¢ may be pro-
vided in an island form. As described with reference to FIGS.
12 through 17, at least one group of a group of the first and
second doping regions D1 and D2 and a group of the third and
fourth doping regions D3 and D4 may be spaced apart from
each other. As described with reference to FIGS. 18 and 19, a
deep doping region may be provided under the fifth doping
region D5.

FIG. 25 is another example of a cross sectional view taken
along the line XXIV-XXIV' of FIG. 23. Comparing the elec-
trostatic discharge protection circuit 1007 with the electro-
static discharge protection circuit 100m described with refer-
ence to FIGS. 23 and 34, a first conductivity type well PW2
may be additionally provided. The third doping region D3
may be formed in the first conductivity type well PW2. The
doping concentration of the first conductivity type well PW2
may be lower than the doping concentration of the third
doping region D3.

The epitaxial layer (EPI) may form one well having an N
conductivity type together with the second conductivity type
wells NW1 and NW2. The first conductivity type wells PW
and PW2 may be formed in one well having an N conductivity
type. The first conductivity type well PW2 may form one
doping region together with the third doping region D3. The
one doping region may be formed in one well having an N
conductivity type.

As described with reference to FIGS. 5 through 7, at least
one of the second doping regions D25 and D2e and the third
doping regions D35 and D3¢ may be provided in an island
form. As described with reference to FIGS. 12 through 17, at
least one group of a group of the first and second doping
regions D1 and D2 and a group of the third and fourth doping
regions D3 and D4 may be spaced apart from each other. As
described with reference to FIGS. 18 and 19, a deep doping
region may be provided under the fifth doping region D5.

FIG. 26 is a cross sectional view illustrating a fourteenth
exemplary embodiment of an electrostatic discharge protec-
tion circuit 1000 in accordance with principles of inventive
concepts. A top plan view of the electrostatic discharge pro-
tection circuit 1000 may be the same as the top plan view
illustrated in FIG. 23. Referring to FIG. 26, a deep doping
region DD3 may be provided under the fifth doping region
D5. The deep doping region DD3 may have an N conductivity
type. The doping concentration of the deep doping region
DD3 may be lower than the doping concentration of the fifth
doping region D5 and may be higher than the doping concen-
tration of the second conductivity type well NW1.

The existence and location of the N conductivity type bur-
ied layer NBL are not limited to illustrated exemplary
embodiments. The N conductivity type buried layer NBL
may not be provided or a part of the N conductivity type
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buried layer NBL may be provided, for example. As
described with reference to FIGS. 5 through 7, at least one of
the second doping regions D25 and D2e and the third doping
regions D36 and D3¢ may be provided in an island form. As
described with reference to FIGS. 12 through 17, at least one
group of a group of the first and second doping regions D1 and
D2 and a group of the third and fourth doping regions D3 and
D4 may be spaced apart from each other.

FIG. 27 is a cross sectional view illustrating a fifteenth
exemplary embodiment of an electrostatic discharge protec-
tion circuit 100p in accordance with principles of inventive
concepts. A top plan view of the electrostatic discharge pro-
tection circuit 100p may be the same as the top plan view
illustrated in FIG. 23. Referring to FIG. 27, a deep doping
region DD4 may be provided under the fourth doping region
D4. The deep doping region DD4 may have an N conductivity
type. The doping concentration of the deep doping region
DD4 may be lower than the doping concentration of the
fourth doping region D4 and may be higher than the doping
concentration of the second conductivity type well NW2, for
example.

The existence and location of the N conductivity type bur-
ied layer NBL are not limited to illustrated exemplary
embodiments. The N conductivity type buried layer NBL
may not be provided or a part of the N conductivity type
buried layer NBL may be provided, for example. As
described with reference to FIGS. 5 through 7, at least one of
the second doping regions D25 and D2e and the third doping
regions D36 and D3¢ may be provided in an island form. As
described with reference to FIGS. 12 through 17, at least one
group of a group of the first and second doping regions D1 and
D2 and a group of the third and fourth doping regions D3 and
D4 may be spaced apart from each other.

FIG. 28 is a cross sectional view illustrating fifteenth exem-
plary embodiment of an electrostatic discharge protection
circuit 100¢ in accordance with principles of inventive con-
cepts. A top plan view of the electrostatic discharge protection
circuit 100 may be the same as the top plan view illustrated
in FIG. 23. Referring to FIG. 28, a deep doping region DD5
may be provided under the third doping region D3. The deep
doping region DD5 may have a P conductivity type. The
doping concentration of the deep doping region DD5 may be
lower than the doping concentration of the third doping
region D3 and may be higher than the doping concentration of
the first conductivity type well PW2.

The existence and location of the N conductivity type bur-
ied layer NBL are not limited to illustrated exemplary
embodiments. The N conductivity type buried layer NBL
may not be provided or a part of the N conductivity type
buried layer NBL may be provided, for example. As
described with reference to FIGS. 5 through 7, at least one of
the second doping regions D25 and D2e and the third doping
regions D36 and D3¢ may be provided in an island form. As
described with reference to FIGS. 12 through 17, at least one
group of a group of the first and second doping regions D1 and
D2 and a group of the third and fourth doping regions D3 and
D4 may be spaced apart from each other.

FIG. 29 is a cross sectional view illustrating a fifteenth
exemplary embodiment of an electrostatic discharge protec-
tion circuit 1007 in accordance with principles of inventive
concepts. A top plan view of the electrostatic discharge pro-
tection circuit 1007 may be the same as the top plan view
illustrated in FIG. 23. Referring to FIG. 29, the deep doping
region DD5 may be provided under the third doping region
D3, the deep doping region DD4 may be provided under the
fourth doping region D4 and the deep doping region DD3
may be provided under the fifth doping region D5.
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The existence and location of the N conductivity type bur-
ied layer NBL are not limited to illustrated exemplary
embodiments. The N conductivity type buried layer NBL
may not be provided or a part of the N conductivity type
buried layer NBL. may be provided, for example.

As described with reference to FIGS. 5 through 7, at least
one of the second doping regions D25 and D2e and the third
doping regions D35 and D3¢ may be provided in an island
form. As described with reference to FIGS. 12 through 17, at
least one group of a group of the first and second doping
regions D1 and D2 and a group of the third and fourth doping
regions D3 and D4 may be spaced apart from each other.

FIG. 30 is a drawing illustrating an electrostatic discharge
protection device, or circuit, 200 in accordance with prin-
ciples of inventive concepts that includes an electrostatic
discharge protection device, or part, in accordance with an
embodiment of inventive concepts. Referring to FIG. 30, the
electrostatic discharge protection device 200 includes an
electrostatic discharge protection part 100, a resistor R and a
capacitor C.

The electrostatic discharge protection part 100 may
include at least one of the electrostatic discharge protection
devices 1004 through 1007 in accordance with an exemplary
embodiment in accordance with principles of inventive con-
cepts. A first electrode N01, second electrode N02 and gate
electrode G of the electrostatic discharge protection part 100
may correspond to the first electrode N01, second electrode
N02 and gate electrode G described with reference to FIGS. 1
through 31 respectively.

In this exemplary embodiment, resistor R is connected
between the gate electrode G and first electrode NO1 of the
electrostatic discharge protection part 100. Capacitor C is
connected between the gate electrode G and second electrode
N02 of the electrostatic discharge protection part 100. Second
electrode N02 is connected to a pad PD2 for protecting an
electrostatic discharge and the first electrode NO1 is con-
nected to a pad PD1 for leaking, or bleeding, an electrostatic
discharge, for example, a ground pad.

The electrostatic discharge protection part 100, the capaci-
tor C and the resistor R may be integrated into one electro-
static discharge protection device in accordance with prin-
ciples of inventive concepts.

FIG. 31 is a block diagram illustrating an exemplary
embodiment of a display device 1000 in accordance with
principles of inventive concepts. Display device 1000
includes a display drive part 1100 and a display panel 1200.
The display drive part 1100 may include a gate driver and a
source driver for controlling pixels of the display panel 1200.
The display panel 1200 may include a plurality of pixels.

The display driver part 1100 may include an electrostatic
discharge protection device 200 in accordance with principles
of inventive concepts. The electrostatic discharge protection
device 200 can be adopted in various parts of the display drive
part 1100 to prevent the display drive part 1100 from incor-
rectly operating or being damaged due to an electrostatic
discharge, for example.

FIG. 32 is a block diagram illustrating an exemplary
embodiment of a computing device 2000 in accordance with
principles of inventive concepts. Computing device 2000
includes a processor 2100, a display 2200, storage 2300, a
modem 2400 and a memory 2500.

The processor 2100 may include a general-purpose proces-
sor or an application processor. The display 2200 may include
an LCD, an AMOLED display, a CRT monitor, a beam pro-
jector, etc. The storage 2300 may include a solid state drive, a
hard disk drive, etc. including a nonvolatile memory such as
a flash memory, RRAM, MRAM, PRAM, FRAM, etc. The
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modem 2400 can perform a wire or wireless communication
with an external device. The memory 2500 may be an opera-
tion memory of the computing device 2000. The memory
2500 may include a volatile memory such as DRAM, SRAM,
etc. or anonvolatile memory such as a flash memory, RRAM,
MRAM, PRAM, FRAM, etc.

In embodiments in which the storage 2300 and the memory
2500 are constituted by the same kind of nonvolatile memory,
the storage 2300 and the memory 2500 may be integrated into
one storage medium.

A power supply IC 2600 is configured to manage a power
supply being supplied to constituent elements of the comput-
ing device 2000. The power supply IC 2600 may include a
semiconductor integration circuit, for example, and may
include an electrostatic discharge protection device 200 in
accordance with principles of inventive concepts. The elec-
trostatic discharge protection device 200 can be adopted in
various parts of the power supply IC 2600 to prevent the
power supply IC 2600 and the computing device 2000 from
incorrectly operating or being damaged due to an electrostatic
discharge, for example. The device 2000 may also include a
wireless connection and may be applied to a notebook com-
puter, a tablet computer, a portable device, an MP3, player, a
television, or cellular telephone, for example.

FIG. 33 is a block diagram illustrating an exemplary
embodiment of an electrical system 3000 in accordance with
principles of inventive concepts. Electrical system 3000
includes an electrical device 3100 and a drive IC 3200.

The electrical device 3100 may be a device using a high
voltage or a high current. The electrical device 3100 may
include a motor using a high voltage or a high current. In
exemplary embodiments in accordance with principles of
inventive concepts, electrical device 3100 includes an inte-
grated gate bipolar transistor IGBT) 3110 for controlling a
high voltage or a high current.

The drive IC 3200 is configured to control the IGBT 3110
of the electrical device 3100. The drive IC 3200 may be a
semiconductor integration circuit. The drive IC 3200 includes
an electrostatic discharge protection device 200 in accor-
dance with principles of inventive concepts. The electrostatic
discharge protection device 200 can be adopted in various
parts of the drive IC 3200 to prevent the drive IC 3200 from
incorrectly operating or being damaged due to an electrostatic
discharge.

According to some embodiments of the inventive concept,
an electrostatic discharge protection device has a high hold-
ing voltage, similar to that of a power supply voltage. As a
result, even when an electrostatic discharge occurs, a normal
voltage level is maintained for circuits and the reliability of
the circuit is maintained even as an electrostatic discharge is
being accommodated.

Having described the exemplary embodiments of the
inventive concept, it is further noted that various modifica-
tions may be made without departing from the spirit and
scope of the inventive concept, which is defined by the metes
and bounds of the appended claims.

What is claimed is:

1. An electrostatic discharge protection device comprising:

a first conductivity type well;

a second conductivity type well in contact with the first
conductivity type well;

first and second doping regions formed in the first conduc-
tivity type well, connected to a first electrode in common
and having different conductivity types from each other;
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third and fourth doping regions formed in the second con-
ductivity type well, connected to a second electrode in
common and having different conductivity types from
each other; and

a fifth doping region formed in the second conductivity

type well between the first and second doping regions
and the third and fourth doping regions, the fifth doping
region being electrically isolated from conductive paths
that are external to the electrostatic discharge protection
device.

2. The electrostatic discharge protection device of claim 1,
wherein the first conductivity type well is a P conductivity
type well.

3. The electrostatic discharge protection device of claim 1,
wherein the second conductivity type well is an N conductiv-
ity type well.

4. The electrostatic discharge protection device of claim 1,
wherein the second doping region is between the first doping
region and the fifth doping region, and

wherein the first doping region is a P conductivity type and

the second doping region is an N conductivity type.

5. The electrostatic discharge protection device of claim 4,
wherein the second doping region includes a plurality of
doping regions spaced apart from one another and the plural-
ity of doping regions spaced apart from one another are con-
nected to the first electrode in common.

6. The electrostatic discharge protection device of claim 1,
wherein the third doping region is between the fourth doping
region and the fifth doping region, and

wherein the third doping region is a P conductivity type and

the fourth doping region is an N conductivity type.

7. The electrostatic discharge protection device of claim 6,
wherein the third doping region includes a plurality of doping
regions spaced apart from one another and the plurality of
doping regions spaced apart from one another are connected
to the second electrode in common.

8. The electrostatic discharge protection device of claim 1,
wherein the fifth doping region is an N conductivity type.

9. The electrostatic discharge protection device of claim 1,
wherein the second conductivity type well is formed in the
first conductivity type well.

10. The electrostatic discharge protection device of claim
1, wherein the fifth doping region is spaced apart from the
third and fourth doping regions.

11. The electrostatic discharge protection device of claim
1, further comprising a device isolation layer formed at an
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interface between the first conductivity type well and the
second conductivity type well.

12. The electrostatic discharge protection device of claim
1, further comprising a device isolation layer between the
fifth doping region and the third doping region and between
the fifth doping region and the fourth doping region.

13. The electrostatic discharge protection device of claim
1, further comprising a gate electrode electrically isolated
from the first conductivity type well on the first conductivity
type well adjacent to an interface between the first and second
conductivity type wells.

14. An electrostatic discharge protection device compris-
ing:

a semiconductor device including a first electrode, a sec-

ond electrode and a gate electrode;

a capacitor connected between the second electrode and
the gate electrode; and

aresistor connected between the gate electrode and the first
electrode,

wherein the semiconductor device comprises:

a first conductivity type well;

a second conductivity type well in contact with the first
conductivity type well;

first and second doping regions formed in the first conduc-
tivity type well, connected in common to form the first
electrode and having different conductivity types from
each other;

third and fourth doping regions formed in the second con-
ductivity type well, connected in common to form the
second electrode and having different conductivity types
from each other;

a fifth doping region in the second conductivity type well
between the first and second doping regions and the third
and fourth doping regions, the fifth doping region being
electrically isolated from conductive paths that are
external to the electrostatic discharge protection device;
and

a conductive material electrically isolated from the first
conductivity type well on the first conductivity type well
adjacent to an interface between the first and second
conductivity type wells to form the gate electrode.

15. The electrostatic discharge protection device of claim
14, wherein the second electrode is connected to a pad for
protecting an electrostatic discharge and the first electrode is
connected to a pad for leaking the electrostatic discharge.
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